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1.1 INTRODUCTION 
 
Raw water supplies are based on surface and groundwater sources all over the world. It 
is important to control the groundwater pollution in maintaining sustainable water 
sources. The common problem of groundwater sources is the high concentration of iron 
(Fe). These high concentration of iron results in metallic taste of water, effect color, 
health and cause environmental problem. Therefore, Ministry of Health Malaysia has set 
the standard quality control for iron in raw and drinking water to be 1.0 mg/L and 0.3 
mg/L, respectively. 
 
Groundwater generally located beneath the ground and contain in the soil pores. 
This groundwater is form from water that flows as surface runoff from river which 
permeates into the soil by gravity. Therefore, the water supply should be clean, palatable, 
and safe from pollutants that may pose risk to human health. Groundwater is one of the 
water sources that are less to be polluted with pollutants. However, in today's world of 
globalization, the increase of land use and rapid growing exploration causes pollution of 
the underground water sources. Water pollution can be defined as any presence of 
substances in the water that can change the physical and chemical properties of water 
and cause harmful to human health as well the environment [1].  
 
Iron is the most common element that can be found abundantly in the 
groundwater. Therefore, development of water filtration system to treat iron is needed to 
achieve the requirement of the standard water quality. In this study, chemical testing was 
carried out on groundwater samples taken from wells at the site located in Lubuk Bakul, 
Pagoh to identify the composition of the water. This study will be focused on 
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investigation of iron removal efficiency in groundwater using coconut shell activated 
carbon. The removal of iron will be determined along with other parameters i.e, pH, 
dissolved oxygen, turbidity, and total alkalinity.  
 
 
1.2 HEALTH EFFECTS OF HEAVY METALS  
 
Groundwater and surface water are the main source of clean water supply. Most 
developing countries facing the problem of clean water supply especially in rural areas. 
According to Abdel-Satar [2], water demand increased by 12% in Peninsular Malaysia 
and this percentage is expected to increase continuosly in line with the rate of population 
increase. There are also areas which have pipelines but unable to supply water to the 
resident due to inadequate pressure or inadequate water supply for such high demand. 
Nowadays water is heavily polluted due to the presence of harmful compunds. The use 
of polluted water has led to various diseases to human and animals [3]. Table 1.1 shows 
the maximum contamination levels (MCL) set by  the United States Environmental  
Protection Agency (USEPA) for most dangerous heavy metals pollution in water and its 
effects towards human health.  
 
Table 1.1 The maximum contamination levels (MCL) for most dangerous heavy metals 
pollution in water and its effects towards human health [4]. 
Heavy 
metals 
Health Effects MCL (mg/L) 
Arsenic Skin disease, visceral cancer, vascular disease 0.050 
Cadmium Damage and kidney disorder 0.01 
Chromium Headache, diarrhea, nausea, vomiting 0.05 
Copper Heart disease, Wilson disease, insomnia 0.25 
Nickel Asthma, cough, dermatitis, nausea 0.20 
Zinc Depression, fatigue, thirsty 0.80 
Mercury Kidney disease, respiratory system and nervous 
system 
0.00003 
 
 
1.3 WATER QUALITY STANDARD 
 
Water quality is as important parameters that need to be determine and treated prior to its 
usage. The required water should be free of suspended, dissolved solids, heavy metals, 
chemicals, and other contaminants that are not suitable for human consumption. The 
water quality in our country is measured using the Water Quality Index (WQI) based on 
several parameters. The Department of Environment (DOE) apply the WQI to classify 
the water pollution. The WQI also used to identify the major pollutants of water by 
referring to the areas where the percentage of heavy metals can be analyzed [5]. Thus, 
the Ministry Health of Malaysia has set the water quality standard of several parameters 
that should be comply for raw and drinking water as shows in Table 1.2 for clean and 
safe water supply to the consumers.  
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Table 1.2 Water quality standard for raw and drinking water 
Parameters Raw Water Standard Quality 
(mg/L) 
Drinking Water Standard 
Quality (mg/L) 
Iron  1.0 0.3 
Manganese  0.2 0.2 
Fluoride  1.5 0.4-0.6 
Mercury 0.001 0.001 
Ammonium  1.5 1.5 
Cupper  1.0 1.0 
Chromium 0.05 0.05 
Arsenic  0.01 0.01 
Lead   0.05 0.01 
pH 6.5-9.5 5.5-9.5 
Turbidity 1000 NTU 5 NTU 
Dissolved oxygen - <8.0 
Alkalinity 200  
 
 
1.4 IRON 
 
Iron is a metal that is affected by soil geological structure and rock formation. It occurs 
from the soluble iron (Fe2+) in the groundwater. If exposed to the atmosphere, the iron 
become insoluble and silt as ferric hydroxide. This will change the water to yellow and  
brownish color with  brown deposits. The water quality standard of iron for raw water 
and drinking water set by the Ministry of Health of Malaysia to be at 1.0 mg/L and 0.3 
mg /L, respectively. The concentration of iron exceeding 0.3 mg/L will cause smell and 
color problems in drinking water. High iron content can also lead to lung cancer in 
human. Other that that, iron in water will cause corrosion in tubing or steel pipe and 
subsequently producing high concentrated iron in water which is harmful to human 
consumption [6].  
 
 
1.5 COCONUT SHELL ACTIVATED CARBON 
 
In order to maintain the quality of water, an efficient water treatment process such as 
adsorption is one of the alternative that can be apply. In this study, the coconut shell 
activated carbon as shown in Figure 1.1 is selected as a media for iron removal.  
According to Beenakumari [7], this natural active carbon has been used for several years 
in removing the iron  found in the water. The filtration system using coconut shell 
activated carbon was able to reduced iron content from 0.4 mg/L to 0.2 mg/L. 
Meanwhile, 10 mg/L of iron was reduced to 0.5 mg/L for underground water sample 
using the coconut shell activated carbon for 4 hours.  
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Figure 1.1 Coconut Shell Activated Carbon 
 
 
1.6 METHODOLOGY 
 
The flow chart of methodology for this study is shown in Figure 1.2. A laboratory scale  
water filter of 500 mm height and 150 mm diameter filled with two kilogram of coconut 
shell activated carbon was design and set up at the site of study area which is located at 
Lubuk Bakul, Pagoh. Figure 1.3 shows the schematic diagram for the lab scale cocconut 
shell activated carbon filter. There are two sources of water samples that were treated 
using the filter which was taken directly from the groundwater by pump and the water 
tank that was pumped from the groundwater as shown in Figure 1.4 and 1.5, 
respectively. In order to test the effectiveness of the filter media, the treated water 
samples were collected and analyzed. The parameters measured weekly including pH, 
dissolved oxygen and turbidity using pH, DO, and turbidity meter. While for total 
alkalinity was using HACH alkalinity test kit and iron by inductively coupled plasma 
atomic emission spectroscopy (ICP-OES) analysis.  
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Figure 1.2 Flow chart of methodology 
 
Figure 1.3 The cocconut shell activated carbon filter Schematic Diagram 
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Figure 1.4: Water samples taken directly from groundwater pump 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.5: Water samples taken from existing groundwater tank 
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1.8 RESULTS AND DISCUSSIONS 
 
 
1.8.1 pH 
 
Figure 1.6 shows the pH value of the six groundwater  samples before and after passing 
through the filter system which was taken directly from the groundwater pump. The 
range of pH value for influent samples was from 6.26 to 6.72. Whereas, the pH value of 
six effluent samples from 6.51 to 7.00. This shows that the interaction between coconut 
shell active carbon filter and the undergroundwater samples has changed the water pH of 
the sample. The pH value was low in the influent but rises after being treated. This 
increase pH value is due to the  hydroxyl ions that were released through hydration and 
reaction of coconut shell activated carbon  media which contains hydroxypatite [8]. 
 
Figure 1.7 shows the pH value of influent samples taken from the existing 
groundwater tank water ranges from 7.46 to 7.68, while the effluents samples ranges 
from 7.8 to 8.26. The differences range between the pH value of groundwater sample 
through the filter system which is taken directly from the groundwater and from the tank 
is due to the availability of existing tanks that store the pumped water from the 
groundwater that lead to deposition of suspended particles. 
 
Figure 1.6 pH values of groundwater samples taken directly from the undergroundwater 
pump 
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Figure 1.7 pH values of groundwater samples taken from the existing water tank 
 
 
1.8.2 Dissolved Oxygen (DO) 
 
Based on Figure 1.8, the dissolved oxygen (DO) value for six influents samples which 
taken directly from the undergroundwater pump has a range between 2.31 mg/L to 3.53 
mg/L. Whereas, the DO value for effluent samples ranges from 3.48 mg/L to 4.23 mg/L. 
The underground water sample has low DO value compared to the DO after passing 
through the filter system. This show that the groundwater sample was polluted with 
microbes that consumed the oxygen On contrary, the DO for effluent is high due to the 
removal of contaminant through the filtering process. However, the reading of DO value 
for the sixth effluent sample (third week) exhibited the lowest value of 3.60 mg/L that 
may be due to saturation of contaminant on the filter surface that reduces the efficiency 
of the filter.  
 
Figure 1.9 shows DO values of influent and effluent samples which taken from 
the water tank. It can be seen that the DO for effluent is also higher than influent of the 
groundwater samples. The DO value for influent and effluent of second sample 
displayed small increase of DO from 3.72 mg/L to 4.12 mg/L. However, the fourth 
sample showed a significant DO increased compared to other water samples which is 
from 3.04 mg/L to 4.0 mg/L.  
 
 
 
 
 
 
                                         Sustaianable Environmental Technology: Volume 1   2018 
ISBN  
 
9 
 
  
Figure 1.8 Dissolved oxygen of groundwater samples which taken directly from the 
undergroundwater pump 
 
 
Figure 1.9 Dissolved oxygen of groundwater samples which taken from the existing 
tank. 
 
 
1.8.3 Turbidity  
 
Figure 1.10 shows the change in turbidity of the influent and effluent groundwater 
samples which taken directly from the undergroundwater pump. The first sample had the 
highest turbidity value of effluent which was 75.6 mg/L. This is because initially the 
coconut shell activated carbon required time to isolate and drained all the small grains 
that can passed through the filter system. Therefore, high turbidity of the water is 
observed. However, for the second week, the third and fourth sample displayed high 
turbidity removal of  47 NTU and 46.2 NTU, respectively. This showed that coconut 
shell activated carbon media able to reduced the turbidity of the groundwater samples 
after isolation all the small grains on the first week. 
 
Figure 1.11 shows the turbidity values for influent and effluent of groundwater 
samples taken from the existing water tank. Result indicates that the fourth sample water 
(third week) has the highest turbidity removal of 47.3 NTU. Meanwhile, the fifth sample 
water showed lowest turbidity removal of 20.7 NTU. This maybe due to the condition of 
the filter system that almost saturated with contaminants on its surface. Based on the 
                                         Sustaianable Environmental Technology: Volume 1   2018 
ISBN  
 
10 
 
comparison that have been made from Figure 1.10 and Figure 1.11, the average of 
effluent samples which taken directly from the undergroundwater pump has higher 
turbidity compared to the average turbidity of effluent samples taken from the water 
tank. This showed that the sample from water tank is less polluted because of the 
sedimentation of particles that occurred in the tank. 
 
 
Figure 1.10 Turbidity of groundwater samples which taken directly from the 
undergroundwater pump 
 
 
 
Figure 1.11 Turbidity of groundwater samples which taken from the existing tank. 
 
 
1.8.4 Total Alkalinity 
  
Figure 1.12 shows the total alkalinity of groundwater samples which taken directly from 
undergroundwater pump. The first sample displayed high difference between the influent 
and effluent sample of 111.5 mg/L. This showed that the coconut shell active carbon 
media able to reduce high alkalinity in the water. The alkalinity value of groundwater 
samples which is taken from the existing tank as shown in Figure 1.13 was also low for 
effluent samples  (88 mg/L to 113.5 mg/L) compared to the influent (91 mg/L to 126 
mg/L). The value of alkaline in the effluent sample water is low at acidic pH but high for 
the alkaline value. This is due to the presence factor of H + and OH- in the groundwater.  
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Figure 1.12 Total alkalinity of groundwater samples which taken directly from 
undergroundwater pump 
 
 
Figure 1.13 Total alkalinity of groundwater samples which taken from the existing tank. 
 
 
1.8.5 Iron 
 
Figure 1.14 shows the value of iron contained in the influent and effluent sample which 
taken directly from undergroundwater pump. The first sample had the lowest iron 
removal with 0.113 mg/L. According to Rahman et al [9], the use of coconut shell 
activated carbon media required time to isolate small grains initially before fully 
functioning in removing  iron. On contrary, the fifth water sample data showed a great 
difference in the value of iron between the influent and effluent sample with 0.277 mg/L. 
The removal efficienciy of iron by coconut shell activated carbon media for groundwater 
samples which is taken directly from undergroundwater pump is shown in Table 1.3. The 
highest removal was 62% displayed by the fifth water sample. 
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Figure 1.14 Iron contained in groundwater samples which is taken directly from 
undergroundwater pump 
 
Table 1.3 The removal efficiency of iron by coconut shell activated carbon for 
groundwater samples taken directly from undergroundwater pump 
Groundwater Samples Iron removal efficiency by 
Coconut Shell Activated 
Carbon (%) 
1 33 
2 54 
3 58 
4 61 
5 62 
6 32 
 
Figure 1.15 shows iron contained in groundwater samples which is taken from 
the existing water tank. The fourth sample exhibited significant difference value of the 
iron contained  before and after the filter which is 0.258 mg/L. This is the highest 
removal efficiency of iron by coconut shell active carbon with 66% in the groundwater 
sample as shown in Table 1.4. However, the sixth sample showed a decrease of iron 
removal efficiency by coconut shell activated carbon media with only 24%. This is 
maybe due to the exhausted of the activated carbon in adsorbing the contaminat. 
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Figure 1.15 Iron contained in groundwater samples which is taken from the existing 
tank. 
 
Table 1.4 The removal efficiency of iron by coconut shell activated carbon for water 
samples taken from existing water tank. 
Groundwater Samples Iron removal efficiency by 
Coconut Shell Activated Carbon 
(%) 
1 41 
2 55 
3 55 
4 66 
5 45 
6 24 
 
 
1.4 CONCLUSION 
 
The filtration using coconut shell activated carbon as a media affected the pH and DO of 
the water samples. Higher pH was observed after the treatment due to the  hydroxyl ions 
that were released through hydration and reaction of coconut shell activated carbon  
media which contains hydroxypatite. The DO for effluent was also high due to the 
removal of contaminant through the filtering process. In addition, the  filtration using 
coconut shell activated carbon able to remove turbidity, alkalinity, and iron in the water 
samples. The average turbidity of effluent samples taken from the water tank is lower 
than the average effluent turbidity of undergroundwater sample because of the 
sedimentation of particles that occurred in the water tank. The value of alkaline in the 
effluent of both water sample is low at acidic pH but high for the alkaline value that is 
due to the presence factor of H + and OH- in the groundwater. The highest percentage of 
iron removal in the effluent samples taken directly from the undergroundwater pump and 
the water tank were 62 and 66%, respectively. The average of iron filtered from the 
undergroundwater pump and the water tank using coconut shell activated carbon as a 
media was 0.204 and 0.2105 mg/L, respectively. This show the coconut shell activated 
carbon filter able to remove iron effectively as the values obtained have met the standard 
of drinking water set by the Ministry of Health Malaysia of 0.3 mg /L.  
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